Abstract. The strength of a welded truss type fuselage of a light aircraft -named SAFAT 01 -is considered in this paper. The aircraft is a monoplane with high strut-braced wings configuration with flaps. The fuselage is of welded tubular steel fabric-covered construction. According to its production contract; the aircraft is fully produced and assembled in Sudan whereas the documentation is limited to technical side only with no information available about design procedures and calculations. This makes it difficult to further modify or upgrade the aircraft. The fuselage geometry has been modeled using a CAD program. The main dimensions have been obtained using 2-D drawings and the missing dimensions and data due to lack of documents were extracted experimentally from a built aircraft. Aerodynamic loads were determined using computational fluid dynamic program for the horizontal tail. Static structural analysis was conducted by finite element method (FEM) using fastened connection property between the tubes. The results were observed in three main parts; rear part which supports the vertical and horizontal stabilizers and the rear landing gear; the mid part which provides cantilever reaction for the wing and supports front landing gear, and the front part on which the engine is mounted. The Von Mises stresses, displacements and principal stresses were observed in the three parts and found acceptable except for a small region near the attachment between wing and fuselage. However, further experimental validation is needed. Presently, experimental and dynamic analyses are being conducted and the results will be published later.
Introduction
The aircraft is a light monoplane with high strut-braced wings equipped with flaps. The fuselage is of welded tubular steel fabric-covered construction. The fuselage consists of 107 tubes with lengths from (60-4840) mm, outer diameter (10-25) mm and thickness (1-3) mm. The pilot's compartment enclosure is covered with transparent plastic sheets on the top and sides. The fixed split-v type landing gear incorporates individually sprung, hydraulic brake equipped wheels. The wheels are mounted by low-pressure 8.00× 4.00 [inch] tires. The steerable 8.00 × 3.00 tail wheel is mounted on steel spring leaves. Tail surfaces are of conventional type, with a manually-controlled adjustment provided for the stabilizer as shown in Fig.1 , the basic dimension and data is illustrated in Table 1 [2] . The 'D' case of the envelope is the case when the aircraft is pulling out from a vertical dive. This case is taken into consideration since the load factor is at maximum value (n=3.8), and gust has no any significant effect on the diagram as shown in Fig. 2 [1] .
Fig. 2 V-N diagram

3D Modeling
The 3-D model of the fuselage has been performed using 3-view drawings from the maintenance manual of the aircraft, and the missing dimensions were measured off an actual model of the aircraft. The fuselage skeleton has been drawn as lines first in the software, to ensure the centers of the tubes are in the accurate positions. Second step was configuring the tubes as surfaces; the benefit of these surfaces is to simplify the difficulty of joining the tubes together.
Finally the intended shape was completed as an assemblage by drawing every tube as a separate part; the segmentation facilitates the manufacturing processes by drafting each part and supplying it to manufacturer or directly feeding the drawing to CNC machine. Fig. 3 unveils the complete drawing of SAFAT 01 truss.
Fig. 3 Truss 3D drawing
AEROTECH IV
Structural Analysis
Analysis of the assemblage needs the definition of the connections between the assembled parts. In this case study, fastened connection property was chosen. Fastened connection is the link between two bodies which are fastened together at their common boundary and will behave as if they are a single body. From a finite element model view point, this is equivalent to the situation where the corresponding nodes of two compatible meshes are merged together. However, since bodies can be meshed independently, the fastened connection is designed to handle incompatible meshes, and its relation take into account the elastic deformability of the interfaces. Parabolic octree tetrahedron element has been selected for this solid model.The size of the mesh elements was made different from one part to another, in order to reduce unnecessary consumption of computer resources.
Restraints.The wing is the part that lifts and holds the whole aircraft so the attachment points of the wing to the fuselage bear the full weight, thus these positions were clamped withsix clamps (three for each wing). Two of the three clamps were atthe locationof the first and second spar, and the thirdone was at the location of the strut.
Loading. The inertial loads are the loads exertedby the equipment and structural parts which are attached and fixed to the fuselage, taking into consideration that the load coefficient of the airplane while in 'D' case of the flight envelop is n=3.8. This means that all the weights of the structural and equipment parts are multiplied by 3.8.
Mass of all equipment and structural parts (Table 2) were estimated as in Ref. [3] . The positions of some parts have been taken directly from the actual aircraft and the 3D model. These parts are; (the main landing gear, tail wheel, engine, furnishing, crew, horizontal tail and vertical tail). The loads were exerted in certain areas of the fuselage which represents the actual attachment areas. The software used for analysis automatically redistributes the exerted loads to nodes equivalent to the areas of the attachment.The load from landing gear was distributed to certain areas as shown in Fig.  5 . Positions of other equipment and parts (engine control, flight control system, instruments) wereapproximately estimated as illustrated in Fig. 4 because it is difficult to determine their exact positions.This is, however, not crucial within the scope of this stage of analysis.
Aerodynamic Loading. In this case study, the load acting on horizontal tail has been determined using computational fluid dynamic analysis (CFD) [1] , and the lift force found to be (-909 N), the (-) sign indicates that the direction of the force is downward.
Material. The material which has been applied to the 3D model was 4130N steel [4] . Table 3 shows the material specifications. 
Results
The maximum displacement has been found as 6.12 mm at the tip of the vertical tube where the vertical stabilizer is attached to the fuselage as in Fig.6 . Although this value isreasonable compared to the tube size, experimental validation is still needed. The magnitude of Von Mises stress as illustrated in Fig. 7 indicates that the values of stresses for most of fuselage are less than (128 MPa), which is acceptable compared to the yield strength of the material (517.1 MPa). The maximum stress was (1400 MPa) as shown in Fig. 7 , which is more than the yield stress. Principal stresses range from 874 MPa to -677 MPa as illustrated in Fig. 8 . This high stress value has been observed in a very small region in the fuselage which is the area of the attachment of the strut and the main landing gear as shown in Fig. 9 .
The areas of attachment between fuselage and wing were subjected to some changes, as illustrated in Fig. 10 . Accordingly, the fuselage was reanalyzed and the maximum value of Von Mises stress became (199 MPa), which is less than the yield strength of the material. 
Conclusion and Recommendations
Modeling of the truss fuselage as 3D was done accurately.4130N steel was selected as the model material and a fastened connection property was defined between all the parts of the assembly. Then octree tetrahedron mesh solid elements were created. The restraints were defined and inertial loads were taken from the equipment and structural parts, which are attached and fixed to the fuselage. The displacement and stress results were obtained from the model. It is recommended to design new attachment fittings between the fuselage and the wing to increase the areas for the attachment as illustrated in Fig. 10 . However, these results still need extensive static tests that will be conducted in the near future.
